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ABSTRACT 

The number and distribution of sockeye salmon Onclzorlzynchus nerka rearing in two glacial lakes of the 
Kenai River drainage was estimated in 1992 from hydroacoustic surveys. Using dual-beam acoustic 
techniques, mean in situ target strength measurements ranged from -53.1 dB to -54.6 dB. Densities of 
fish estimated in May suggested a significant over-winter mortality of age-0 sockeye salmon. Surviving 
fish were concentrated at 37-42 m in May and showed indications of moving toward the surface with 

increasing darkness. This pattern was partially reversed in the fall when densities were higher in the 
surface waters during the day and deeper at night. In October the number of age-0 sockeye salmon in 
Kenai and Slulak Lakes was estimated at 9,506,000. A linear relationship between potential spawners and 
fall fry numbers was found. Age-0 sockeye salmon mean length and weight increased by 5 mm and 0.1 
g between September and December 1992. 

KEY WORDS: hydroacoustic survey, sockeye salmon, target strength, glacial lake, Alaska, 
Onchorhynchus nerka 



INTRODUCTION 

The Alaska Department of Fish and Game (ADF&G) began investigations in 1972 to assess juvenile 
sockeye salmon Onchorhynchus nerka populations rearing in the major lakes of the Kenai River drainage 
(Figure 1; Davis et al. 1973). As part of these investigations, juvenile sockeye salmon were collected from 
Skilak and Kenai Lakes using tow nets to estimate relative abundance, age structure, and growth (Davis 
et al. 1974; Namtvedt and Friese 1976). However, the inefficiency of tow netting restricted the usefulness 
of these data for abundance estimates (Waltemyer 1981). Therefore, in 1986 ADF&G began developing 
new methods to enumerate fry using hydroacoustic equipment (Tarbox and King 1988a, 1988b). 

Annual fall hydroacoustic surveys have been conducted in Kenai and Skilak Lakes since 1986 to develop 
a time series of juvenile sockeye salmon population estimates. Program objectives for the 1992 field 
investigation were to (1) estimate the number and spatial distribution of sockeye salmon juveniles, 
(2) determine the target strength distributions using dual-beam hydroacoustic techniques, (3) document the 
condition of juvenile sockeye salmon using length and weight measurements, and (4) estimate the age 
composition of sockeye salmon in each lake. 

In addition, 1992 studies are part of an ongoing project, Exxon Valdez Oil Spill (EVOS) Restoration 
Project 93002, to assess the impacts on freshwater production of relatively large adult sockeye 
escapements into the Kenai River drainage. Starting in 1987 and continuing through 1989, the Kenai 
River system received spawning escapements in excess of 1.0 million sockeye salmon, well above the 
desired escapement goal range of 400,000-700,000 sockeye. These large escapements were the result of 
ADF&G management decisions associated with the Glacier Bay oil spill in 1987 and the Exxon Valdez 
oil spill in 1989. Reduced fishing opportunities on Kenai River stocks in the mixed stock fishery were 
effected in 1988 to protect weaker non-Kenai stocks. 

Since the initiation of the project in 1986 the standard procedure for estimating juvenile sockeye salmon 
abundance in Kenai and Skilak Lakes has been to conduct night-time hydroacoustic surveys during 
September or October. While this procedure was followed in 1992, we also conducted hydroacoustic work 
in Skilak Lake during May and during daylight in mid-October. The objective of these supplemental 
studies was to define the depth distribution of rearing sockeye salmon in spring and fall. 

METHODS 

October Nighi Survey 

We used a stratified random sampling design for 1992 fall night surveys to distribute sampling effort and 
provide an acceptable way of calculating sampling error. We divided each lake into areas or sub-basins 
and randomly established survey transects within each of these areas. In 1992 the number of transects 
was chosen to reduce the relative error to 0.25 for Slulak Lake and 0.3 for Kenai Lake. Our sample size 
was based on the average coefficient of variation observed from 1986 to 1989. Because of the 

configuration of Skilak Lake, a total of 13 transects perpendicular to shore were surveyed within three 



sub-basins (Figure 2). In Kenai Lake a total of 27 transects were surveyed within five sub-basins (Figure 
3). The Kenai Lake survey was conducted on 7 October and the Skilak Lake survey on 2 October 1992. 

The equipment used for data acquisition consisted of a Biosonics Inc. Model 105' echo sounder with dual- 
beam receivers, a 420 kHz 6°/150 dual beam transducer mounted in a V-fin for towing, a Model 171 tape 
recorder interface, a Sony' digital audio tape (DAT) player, a chart recorder, and an oscilloscope. 
The selected pulse width was 0.4 ms and the pulse repetition rate was 5 pulsesls. Additional acoustic 
parameters used during data collection and processing are presented in Appendix A.1. Biosonics, Inc. 

calibrated the system before and following the surveys. The entire system was powered by 12-V batteries 
and carried in a 7.2-m vessel powered by outboard motors. Vessel speed along each transect was 
estimated at 2.0 to 2.5 mls. The transducer was towed approximately 1 m below the water surface during 
surveys. Equipment procedures were outlined in King and Tarbox (1988). 

Dual-beam data recorded on DAT were processed through a Biosonics, Inc. Model 281 Echo Signal 
~rocessor'  (ESP). A returning pulse was accepted as a valid target if the amplitude was below the bottom 
threshold of 7000 mV and above the counting threshold of 200 mV. Single targets were separated from 
multiple targets if the pulse width was within 20% of the transmitted pulse width at -6 dB and -18 dB. 
The maximum half-angle selected for data processing was 4". Data were stratified in 5-m increments for 
analysis starting 2 m below the transducer, or 3 m below the water surface. Only data collected at range 
less than 97 m were accepted for processing. Examination of oscilloscope traces and echograms indicated 
that few fish were present below this depth. 

Data generated by the dual beam processor were transferred to computer data files for analysis using the 
Biosonics, Inc. software "Target Strength Post Processing Program ESPTS." Computations of mean target 
strength and backscattering cross section were made from individual echoes, and a hard copy of the results 
was printed for each 5-m depth interval. 

Estimates of fish density were made for each transect by echo integration using a Biosonics, Inc. ESP 
Model 221' echo integrator. Correction from the 40 log(R) setting used during data collection to the 
20 log(R) used for data processing was accomplished by adjusting the B constant value for each depth 
stratum (Appendix A. 1). 

The echo integrator compiled data in 1-min sequences along each transect and sent outputs to computer 
files for further reduction and analysis using the Biosonics, Inc. software "Echo Integration Post Processing 
Program ESPCRNCH." Raw integrator outputs were edited to remove data that resulted from false bottom 
echoes. Where this occurred, fish densities were usually estimated using the average densities of adjacent 
sequences at the same depth. Overall fish density was obtained by calculating the average edited 
integrator output value across the transect for each depth stratum. These averages were multiplied by the 
integrator scaling factor derived from the mean backscattering cross-section value obtained from the 
ESPTS program. Mean backscattering cross section values were calculated for each depth stratum using 
data from those transects where false bottom did not occur or did not influence the target strength data. 

1 Use of a company name does not constitute endorsement by ADF&G. 
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The total number of fish (N,) for area stratum i based on transect j was estimated across depth stratum 
k. It consisted of the number of fish estimated by hydroacoustic gear in the midwater section (Mij) plus 
an estimate of fish unavailable to the hydroacoustic gear because of their location near the surface (Sij) 
or bottom (B,), or 

The midwater component was estimated as 

where a i  represented the surface area (m2) of area stratum i which was estimated using a planimeter and 
USGS maps of Skilak and Kenai Lakes, and w,, was the average depth (5m) of depth stratum k measured 
along transect j in area i. This depth would be less than the maximum 5 m if the bottom was detected 
within depth stratum k anytime along the transect. The mean fish density in area i depth k across transect 
j was mi, in number per m3. 

The estimated number of fish near the surface (0-3 m) in area i was 

where a ,  was the estimated volume (m3) of the surface area stratum (0-3 m), and inij, was the mean fish 
density for the first ensonified depth strata (2-7 m below transducer) of transect j. 

The estimated number of fish near the bottom was 

where bij, was the estimated volume (m3) in area i of depth k that could not be ensonified due to the 
proximity of the bottom along transect j ,  and mijk was the estimated fish density (number per m3) along 
transect j in area i depth k that was ensonified. In cases where all of depth stratum k was along the 
bottom, the mean density m,,, from the next shallower depth strata (k-1) was used. 



The abundance in area i (N,) became the mean abundance estimated by each transect j, or 

and its variance was estimated as 

Total abundance for each lake became the sum of its area estimates. Its variance became the sum of the 
area variances. 

To estimate species composition, daylight midwater trawling was conducted in Skilak Lake on 22 and 23 
September. A similar program was conducted in Kenai Lake between 9 and 18 September. A total of 
427 min was spent towing in Skilak Lake and 608 min in Kenai Lake. The trawl mouth opening was 6.1 
m by 3.1 m, and trawl length was 14.9 m. Mesh size decreased from 7.62 cm at the mouth to 0.32 cm 
at the cod end. The gear was towed between two boats at approximately 2 m/s, and the majority of the 
tows were near the surface. The sampling program was designed to collect a minimum of 300 fish from 
each area of each lake. All captured fish were enumerated, identified, and preserved in 10% formalin. 
In the laboratory juvenile sockeye salmon were measured to the nearest millimeter (fork length), weighed 
to the nearest 0.1 g, and an age determined from scale samples using criteria outlined by Mosher (1969). 
Differences in age and species composition between areas were tested with chi-square analysis. 

Age-specific estimates of the numbers of juvenile sockeye salmon (Nay,) were estimated 

where p,,, was the proportion of fish caught in area i (nyi) and year y of age a (n,,,). Samples were pooled 

across areas not found to have significantly different age compositions (chi-square test). The pooled 
proportion for age a was then substituted for pa,, for the appropriate areas. 



The variance for NaYi was estimated as the product of two random variables, pVi and Nyi, as 

2 
V(Nayi) = N,: VbayJ + P,i V(NYJ - Vbnyi) V(Nyi). 

The total estimate for the Kenai and Skilak Lakes system became 

Nay = C Noyi' 
all i 

and its variance was estimated as 

V(Na,) = C V(Nayi) 
all i 

Supplemental Studies 

Between 8-11 May we tow-netted several areas of Skilak Lake (1 1 tows, 330 min; Figure 4). Because we 
failed to capture fish, we used the hydroacoustic gear during daylight of 14 May to define fish abundance 
and depth distribution, primarily in Area 1, of Skilak Lake (Figure 5). A second survey was conducted 
on 20 May to define die1 vertical behavior of juvenile sockeye salmon. A single transect in Area 1 of 
Skilak Lake was replicated six times in a 6-h period (1842 to 0008 hours). In addition, four other 
transects were completed between 1900 and 2140 hours to look for concentrations of fish (Figure 6). 
Hydroacoustic parameters used during the May surveys are presented in Appendix A.1. Because of low 
densities of fish in the study area, mean target strength data by depth were calculated by pooling results 
from the two surveys. 

Following the regular night hydroacoustic survey of Skilak Lake on 2 October, we returned to the lake 
on 13 October to ascertain the vertical distribution of juvenile fish abundance during the day. A total of 
five transects was completed in Area 1 (Figure 7). 

In both the May and October hydroacoustic work we processed data with the same equipment used for 
the October night survey. Data analysis procedures were also the same, except that no estimates of surface 
or bottom population numbers were made. 

We also supplemented the Skilak Lake tow netting work in October with efforts on 2 November and 
3 December (Figure 4). Nine tows totaling 315 min were made in November and 6 tows totaling 180 min 
were made in December. Sample handling and processing were the same as in October. 



RESULTS 

May Hydroacoustic and Tow Net Survey 

A total of three fish was captured during the tow-netting operation: a juvenile sockeye salmon, a Dolly 
Varden Salvelinus malma, and a threespine stickleback Gasterosteus aculeatus. Hydroacoustic estimates 
of fish density indicated that few fish were available to the tow nets. Maximum density of fish measured 
on 14 May was 0.0017 fish/m3 (Figure 8). Low fish density in the tow net area was confirmed on 20 May 

when maximum densities were 0.0009 fish/m3 (Figure 9). Population estimates for Area 1 ranged from 
8,830 to 221,100 fish on 14 May (Table 1). Similar estimates were also made for 20 May, although 
geographic coverage was more limited. 

In four of the six transects conducted on 14 May, peak fish densities were measured between 37-42 m 
(Figure 8). The remaining two transects had densities peaking between 27-37 m. T h s  pattern - most 
fish deep below the surface during the day - was also observed in the early transects conducted on 
20 May when maximum fish densities were at 32-37 m at 1842 hours. However, fish appeared to be 
moving toward the surface with approaching darkness. Maximum densities recorded at 2052 hours were 
at 27-32 m. By 2308 hours maximum densities were at 7-12 m (Figure 9). Near midnight the 
distribution of fish appeared to be more uniform in the water column, but this is probably an artifact of 
fish not being available to the hydroacoustic gear when they are near the surface. Fish numbers decreased 
by half when fish appeared to enter the surface waters above the transducer (Table 1). Low densities of 
fish were also observed on the echograms from transects 1.2, 1.3, 1.5, and 1.6. 

Mean target strength was measured at -54.6 dB (Appendix A.2) which was within historical range of 
values measured for Slulak Lake. 

October Night Hydroacoustic and Day Tow Net Survey 

A total of 7,491 echoes in Kenai Lake and 34,192 in Skilak Lake were used to estimate target-strength 
distributions. Mean target strength for Kenai Lake was -53.8 dB (Appendix A.3). As in past years, 
calculated mean target strengths decreased with depth. Near-surface measurements were -51.4 dB in 
contrast to -55.0 dB at a depth of 42-47 m. In Shlak Lake the mean target strength was -53.4 dB. Mean 
target strength decreased from a near surface value of -50.2 dB to -55.1 dB at 47 m (Appendix A.4). 
Mean target strength measured on 13 October was -53.1 dB, similar to the mean for September (Appendix 
A.5). 

Estimates of fish abundance in surface (Appendix A.6) and bottom strata (Appendices A.7, A.8) that were 
not sampled by the hydroacoustic gear contributed a maximum of 38% to an individual transect estimate 
(Kenai Lake, Area 1, Transect 1). Overall, the surface estimate was 8% and the bottom estimate 4% of 
the total. 



The total estimated number of fish in both lakes was 9,635,300 (Table 2). Approximately 12%, or 
1,126,400 fish, were found in Kenai Lake and the remaining 8,508,900 fish in Skilak Lake. 
Approximately 66.5% of the fish in Slulak Lake were located in Area 1, which comprised 38.3% of the 
lake volume (Table 3). Within Kenai Lake 34.9% of the fish were located in Area 1, which composed 
5.3% of the lake volume. 

The maximum fish density observed in Slulak Lake was 0.0178 fish/m3 between 22-27 m along Transect 
6 of Area 1 (Figure 10). Maximum densities of fish were recorded in the 17-22 m depth range for 5 of 
the 13 transects (Figures 10, 11). Four transects had maximum densities deeper in the water column and 
four shallower. 

The maximum density of fish observed in Kenai Lake was 0.0112 fish/m3 between 2 and 7 m along 
Transect 1 of Area 1. The maximum density of fish observed varied from the 2-7 m strata to the 
37-42 m strata along the remaining transects. Seven transects had maximum densities at the 2-7 m strata. 

A total of 1,410 fish were captured during tow netting operations in Skilak Lake and 1,834 in Kenai Lake. 
Sockeye salmon were the predominant species in catches from both lakes, representing nearly 100% of 
the total catch for both lakes (Table 4). Other than sockeye salmon only four coho salmon Oncorhynchus 

kisutch were captured in Skilak Lake. In Kenai Lake two Dolly Varden and three coho salmon were 
captured. 

Age-1 sockeye salmon made up 0.8% and age-0 composed 99.2% of the Kenai Lake juvenile sockeye 
estimate (N = 1,504; Table 4). Within Slulak Lake, age-0 sockeye salmon comprised 98.9% of the 
estimate (N = 893; Table 4). No difference between sampling areas was observed in either lake (chi- 
square = 2.32 , P= .05, df = 2 for Slulak Lake, chi-square = 1.48, P=.05, df=4 for Kenai Lake). 

After adjusting the total number of targets using species and age composition data from trawl samples, 
the number of juvenile sockeye salmon in both lakes was estimated at 9,608,300. Of this total, 9,506,000 
were age-0 sockeye salmon produced by the 1991 spawning population, and 102,300 were age-1 sockeye 
salmon produced by the 1990 spawning population (Table 4). 

Mean length of age-0 sockeye salmon in Slulak Lake was 54 mm and mean weight was 1.7 g. Age-1 
sockeye in Skilak Lake had a mean length of 89 mm and weight of 7.0 g. Mean size of age-0 sockeye 
in Kenai Lake was 56 mm and 2.0 g were larger (N.S.C.) in size than those collected in Slulak Lake 
(Table 5). 

October Day Hydroacoustic Survey 

Fish density on 13 October was distributed in a bimodal pattern. Highest fish densities were observed 
near surface and below 12 m, resulting in two layers of fish separated by a 5 m strata where densities were 
lower. All five transects indicated increasing fish densities at the 2-7 m depth zone. However, peak 
densities were measured below 12 m in three of the five transects (Figure 12). Numbers of fish estimated 



for Area 1 (mid-water) ranged from 1.8 to 5.2 million fish, which differs slightly from the 2.4 to 7.6 
million fish estimated on 2 October. 

November/December Tow Net 

Age-0 sockeye salmon captured on 2 November in Skilak Lake had a mean length of 57 mm and weight 
of 1.8 g (N = 858; Table 5). One month later on 3 December, they were 59 mm and 1.8 g (N= 104; 
Table 5). More than 99% of the fish were age-0. 

DISCUSSION ' 

This is the seventh year of hydroacoustic work on Skilak Lake, and during that time several trends have 
appeared in the data. Fish-target strength estimates by depth in 1992 were within historical bounds (Figure 
13), and the trend of decreasing target strength with depth continued. This phenomenon appears related 
to the use of 420 kHz in this glacial lake system. Tarbox et al. (1993) found no decrease in target 
strength with depth using a 120 kHz system in Skilak Lake. 

The use of in situ target strength measurements and echo integration techniques has minimized the 
influence of decreasing target strengths with depth on the population estimate. In addition, there have 
been several independent evaluations of the technique. In 1992, a series of hydroacoustic transects on 
Skilak Lake were completed on 6 August by ADF&G FRED Division, and a mid-water population 
estimate of 7.38 million fish was made using echo counting techniques (Thorne 1993). In October, we 
estimated 7.6 million fish in the mid-water portion of the lake. The August survey was conducted in the 
evening, but effective light reduction, because of latitude, was minimal. Thorne (1993) noted high fish 
densities in the 2 4  m depth strata that indicated a near surface orientation for some portion of the 
population. Regardless of this orientation, the estimates were very close, even with anticipated mortality 
between August and September. 

Schmidt et al. (1993) noted a relationship between potential egg deposition (a function of the number of 
spawners) and fall fry numbers in Slulak and Kenai Lakes over the available time series (Figure 14). 
Their linear model level had a significant slope (P = 0.05). The constant term was not significantly larger 
than zero (P = 0.26) and the Durbin-Watson statistic indicated no autocorrelation (P > 0.05). Age-0 fall 
fry abundance in 1986 (1985 broodyear) had a studentized residual of 4.06 and is, therefore, a possible 
outlier. 

The distribution of fish between Skilak and Kenai Lakes has also been very consistent: Skilak Lake 
generally produces between 80% and 90% of the counts (Figure 15). The relationship of fall fry numbers 
to spawners is further supported by this observation. If the number of fall fry is related strictly to egg 
deposition (spawner distribution), then a consistent relationship between the two lakes would be expected. 



Tarbox et al. (1992) noted that the two major Kenai Lake sockeye salmon spawning tributaries accounted 
for 13% of the escapement. Kyle (ADF&G, Soldotna, personal communication) indicated that Kenai Lake 
could produce 31% of the total fry production based on euphotic volume measurements. We concluded 
that the Kenai Lake system has been consistently below this production level because of the distribution 
of spawners during the study period. 

Fish behavior studies in Slulak Lake in the spring gave us a preliminary indication that few fish survived 
the winter. Area 1, which contributed 47.5% to the population estimate, or 3,186,000 fish the previous 
fall (Tarbox et a1 1993), had densities of one tenth, or less, in the spring. Our initial reaction to these data 
was that fish may have been in the shallows or near the bottom and therefore unavailable to the gear. 
However, the die1 studies on 20 May indicated no fish movement from bottom areas with the approach 
of or during darkness. In addition, we had observed fish in the fall in these nearshore areas, making our 
concern about shallow-water orientation less valid. Further confirmation of low spring fry numbers 
occurred with the estimate of smolt outmigration, King et al. (1993) estimated only 618,000 sockeye 
smolt left the Kenai drainage between 15 May and 30 June 1992. No significant holdover was evident 
in our October 1992 survey because 4 %  of the estimate was age-1. Therefore, we think a significant 
overwinter mortality took place in Skilak Lake during the 1991-92 winter. This continues a decreasing 
trend of smolt production for the drainage since 1989 (Figure 16). 

Movement from deeper water areas toward the surface with the approach of darkness is typical behavior 
for juvenile sockeye salmon in clear water systems. While this pattern was apparent during May surveys, 
our previous work in the fall had indicated sockeye were more surface oriented during the day. We had 
hypothesized that juvenile sockeye salmon in glacial systems needed to be surface oriented to feed. We 
also assumed that feeding took place in the spring before smolt outmigration and that fish would therefore 
be surface oriented. On 13 October we did observe that densities of fish were higher near the surface 
during daylight. However, the pattern was less evident than in previous years. These observations suggest 
an apparent reversal in die1 behavior takes place between May and October. This phenomenon needs 
further documentation before definitive conclusions can be made. 

Growth of sockeye salmon in Skilak and Kenai Lakes was better in 1992 than in the previous 4 years. 
Fall fry weights are nearly double the 1988 measured weight for age-0 sockeye salmon (Table 6) when 
37 million fish were in the lakes. This was the first year we were able to collect fish into the winter. Our 
data indicated that little or no weight gain occurs between September and December (<0.1 g) although fish 
did increase in length by 5 mm (10% of their body length). 
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Table 1. Estimated nunber of f i sh  avai lable  t o  the hydroacoustic techniques i n  Skilak 
Lake, Alaska, daylight surveys May and October 1992. 

Beginning Estimated Nunber 
Date Area Transect T i m e  of Fish 

~ a y  20, 1 9 9 2 ~  I 1 
4 
7 
8 
9 

May 21, 1992 1 10 

a~ransects  1.9 and 1 .I0 were cwrpleted i n  darkness. 



Table 2. Est imated number o f  f i s h  i n  S k i l a k  and Kenai Lakes, Alaska, n i g h t  survey, 2 and 7 October 1992. 

Est imated Nwnber o f  F i sh  

Area 
Lake Area Transect Surface Midwater Bottom To ta l  Mean Variance 

S k i l a k  1 1 
2 
3 
4 
5 
6 

TOTAL 

Kenai 1 1 
2 

TOTAL 

TOTAL FOR BOTH LAKES 9.6352E+06 1.1691E+12 



Table 3 .  Areas, volume and f i s h  d e n s i t y  es t imates  i n  Kenai and 
S k i l a k  Lakes, Alaska, n i g h t  survey, 2 and 7 October 1992. 

S k i l a k  Lake 

Area Sur face Area Vol ume D e n s i t y  o f  F i s h  
(m3 x 10') (m3 x l o 6 )  (%I 

- - -- 

1 43.03 (43.5%) 2572 .O (38.3%) 66.5 

2 33.46 (33.8%) 2611.0 (38.8%) 24.7 

3 22.50 (22.7%) 1543.0 (22.9%) 8 .8  

T o t a l  98.99 (100.0%) 6726.0 (100.0%) 100.0 

Kenai Lake 

Area Sur face Area Vol ume Dens i t y  o f  F i s h  
(m3 x 10') (m3 x 10') (%) 

1 7.72 (13.9%) 197.5 (5.3%) 34.9 

2 11.91 (21.5%) 790.7 (21.3%) 33.2 

3 10.54 (19.0%) 878.4 (23.7%) 8 .2  

4 14.37 (25.9%) 1213.4 (32.7%) 16.4 

5 10.93 (19.7%) 633.7 (17.0%) 7.3 

T o t a l  55.47 (100.0%) 3713.7 (100.0%) 100.0 
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Table 6. Mean size of age-0 sockeye salmon juveniles sampled from Skilak, 
Kenai, and Tustumena Lakes during late fall (September-October). 

Sample Sample Length Standard Weight Standard 
Lake Year size (mm) deviation (g) deviation 

Skilak 1986 15 57 a 

1988 109 50 5.3 0.9 0.4 
1989 136 50 3.3 1.2 0.3 
1990 928 49 4.3 1.3 0.3 
1991 863 5 1 4.9 1.5 0.5 
1992 883 54 6.0 1.7 0.6 

Kenai 1986 227 52 
1989 38 48 4.5 1.0 0.2 
1990 1484 52 4.6 1.5 0.4 
1991 1364 54 6.5 2.0 0.6 
1992 1492 56 7.0 2.0 0.8 

Tustumena 1980 222 59 6.1 2.3 0.7 
1981 197 55 5.1 1.6 0.4 
1982 194 54 5.1 1.8 0.5 

1983 562 60 6.1 2.5 0.7 

1992 324 60 4.4 2.0 0.4 

a Missing data indicate no available data. 
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Figure 1. Map of the Kenai River drainage 



Figure  2 .  Locat ion o f  hydroacous t i c  t r a n s e c t s  i n  S k i l a k  Lake, Alaska,  2 October 1992 .  
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Figure 4 .  Tow n e t t i n g  a r e a s  i n  S k i l a k  Lake, A laska,  1992. 







F i g u r e  7 .  L o c a t i o n  o f  h y d r o a c o u s t i c  t r a n s e c t s  i n  S k i l a k  Lake, A laska,  1,3 Octobe r  1992. 



Depth (m) 

Figure 8. Density (top) and number (bottom) of fish in Skilak 
Lake, Alaska on 14 May 1992 (Area 1 only). 
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Figure 10. Density of fish in Area 1, Skilak Lak6 during 

a night survey on 2 October 1992. 
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Figure 11. Density of fish in Area 2 (top) and 3 (bottom) 

in Skilak Lake, Alaska during a night survey 

on 2 October 1992. 
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Figure 12. Density of fish in Skilak Lake, Area 1, during 

a day survey on 13 October 1992. 
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Figure 13. Fish target strengths measured in Skilak Lake, Alaska. 



Figure  1 4 .  R e l a t i o n s h i p  between number of age-0 f a l l  f r y  i n  Kenai and 
S k i l a k  l a k e s  and mainstem p o t e n t i a l  egg d e p o s i t i o n .  Values l i s t e d  
i n d i c a t e  brood y e a r  of t h e  eggs and f r y .  V e r t i c a l  b a r s  a r e  s t a n d a r d  
e r r o r s  of e s t i m a t e d  f r y  abundances ( s o u r c e :  Schmidt e t  a l .  1 9 9 3 ) .  



Year 
100 

I 

Renal LaKe 

10 
A 
v A 

1985 1986 1987 1988 1989 
9 

1990 1991 1992 1993 

Year 

Figure 15. Relative distribution of juvenile sockeye salmon in 

the Kenai River system, Alaska 1986 - 1992. 







APPENDIX 





Appendix A.1.  C a l i b r a t i o n  and processing parameters used i n  c o l l e c t i o n  and ana lys i s  of  Kenai and 
Sk i l ak  Lakes, Alaska, 1992 hydroacoustic data. 

MAY, 1992 

Sounder Receiving s e n s i t i v i t y  Channel 1 40 Log R = -165.44 dB 
420 kHz (dB/uP@lm) 20 l og  R = -144.07 dB 

Channel 2 40 l og  R = -166.61 dB 
20 l og  R = -144.72 dB 

Transducer 

Source Level (dB/uP@lm) 

TVG Crossover 

Receiver ga in  

Beam wid th  

Wide beam dropof f  

Beam p a t t e r n  f a c t o r  

Dual-beam processor Correc t ion m u l t i p l i e r  

Threshold 

M a x i m  h a l f  angle 
Pulse width c r i t e r i a  

Bottom window 

S t a r t  depth 

Narrow 
Vide 

tlAtt coef f i c i  ent  
llB1l c o e f f i c i e n t  

Average squared value 

Narrow beam 
Vide beam 

Narrow beam 

W i de beam 
Bottom 

Narrow 

6 degree 
15 degree 

4O 
Maximum -9478 mS 
M i n i m  .2800 mS 
M a x i m  .5200 mS 

2.0 meters 

2.0 meters 

Echo i n t e g r a t o r  B constant value 
Depth 

2.0 - 7.0 m 6.7878 
7.0 - 12.0 m 1.5230 
12.0 - 17.0 m 0.6538 
17.0 - 22.0 m 0.3615 
22.0 - 27.0 m 0.2290 
27.0 - 32.0 m 0.1579 
32.0 - 37.0 m 0.1155 
37.0 - 42.0 m 0.0881 
42.0 - 47.0 m 0.0694 
47.0 - 52.0 m 0.0561 
52.0 - 57.0 m 0.0463 
57.0 - 62.0 m 0.0388 
62.0 - 67.0 m 0.0330 
67.0 - 72.0 m 0.0285 
72.0 - 77.0 m 0.0248 
77.0 - 82.0 m 0.0217 
82.0 - 87.0 m 0.0193 
87.0 - 92.0 m 0.0172 
92.0 - 97.0 m 0.0154 

cont inued 



Appendix A.1. ( p  2 o f  2 )  

OCTOBER, 1992 

Sounder Receiving s e n s i t i v i t y  Channel 1 40 log  R = -165.77 dB 
420 kHz (dB/uP@lm) 20 log  R = -144.31 dB 

Channel 2 4 0 l o g R =  -165.67dB 
2 0 l o g R =  -143.66dB 

Source l e v e l  (dB/uP@lrn) 

TVG Crossover 

Receiver ga in  

Beam width Transducer Narrow 
Wide 

6 degree 
15 degree 

Wide beam dropoff  I1A1l c o e f f i c i e n t  
81B11 c o e f f i c i e n t  

B&m p a t t e r n  fac to r  

Dual-beam processor Correct ion m u l t i p l i e r  

Average squared value Narrow 

Narrow beam 
W i de beam 

Threshold Narrow beam 

Wide beam 
Bottom 

Maximum h a l f  angle 
Pulse width c r i t e r i a  M a x i m  

M i n i m  
Maxi mun 

Bottom window 

S t a r t  depth 

2.0 meters 

2.0 meters 

Depth 
2.0 - 7.0 m 
7.0 - 12.0 m 

12.0 - 17.0 m 
17.0 - 22.0 m 
22.0 - 27.0 m 
27.0 - 32.0 m 
32.0 - 37.0 m 
37.0 - 42.0 m 
42.0 - 47.0 m 
47.0 - 52.0 m 
52.0 - 57.0 m 
57.0 - 62.0 m 
62.0 - 67.0 m 
67.0 - 72.0 m 
72.0 - 77.0 m 
77.0 - 82.0 m 
82.0 - 87.0 m 
87.0 - 92.0 m 
92.0 - 97.0 m 

Echo in teg ra to r  B constant value 



Appendix A.2. Average b a c k s c a t t e r i n g  c r o s s  s e c t i o n  (s igma)  
and t a r g e t  s t r e n g t h  d a t a  by dep th  s t r a t a  f o r  
a l l  day t r a n s e c t s  combined, S k i l a k  Lake, Alaska,  
14 and 20 May 1992. 

Depth 
S t ra tum 

(m) 

Number 
o f  Sigma 

T a r g e t s  Mean 

Sigma 
Standard 

Devi a t  i  on 

Target"  
S t r e n g t h  

Mean 
(dB) 

T a r g e t  
S t r e n g t h  
S tandard  

Devi a t  i on 
(dB) 

Tota l  

" T a r g e t  s t r e n g t h  determined from dual-beam d a t a  c o l l e c t e d  i n  
s i t u .  



Appendix A.3. Average backsca t t e r i ng  c ross  s e c t i o n  (sigma) 
and t a r g e t  s t r e n g t h  da ta  by depth s t r a t a  f o r  
a1 1 n i g h t  t r a n s e c t s  combined, Kenai Lake, A1 aska, 
7  October 1992. 

Targe t  
Targeta S t reng th  

Depth Number Sigma S t reng th  Standard 
St ra tum o  f Sigma Standard Mean Devi a t  i on 

(m) Targets  Mean Dev ia t i on  (dB) (dB) 

T o t a l  7491 .7313E-05 

" Target  s t r e n g t h  determined f rom dual  -beam da ta  c o l l e c t e d  i n  
s i t u .  



Appendix A . 4 .  Average backsca t t e r i ng  c ross  s e c t i o n  (sigma) 
and t a r g e t  s t r e n g t h  da ta  by depth s t r a t a  f o r  
a l l  n i g h t  t r a n s e c t s  combined, S k i l a k  Lake, A1 aska, 
2  October 1992. 

Ta rge t  
Targe ta  S t reng th  

Depth Number S  i gma S t reng th  Standard 
S t ra tum o  f Sigma Standard Mean D e v i a t i o n  

(m> Targe ts  Mean D e v i a t i o n  (dB) (dB) 

T o t a l  34192 

" Ta rge t  s t r e n g t h  determined f rom dual-beam da ta  c o l l e c t e d  i n  
s i t u .  



Appendix A .5 .  Average backsca t t e r i ng  c ross  s e c t i o n  (sigma) 
and t a r g e t  s t r e n g t h  da ta  by depth s t r a t a  f o r  
a1 1 day t r ansec t s  combined, Sk i  1 ak Lake, A1 aska, 
13 October 1992. 

Targe t  
Targeta S t reng th  

Depth Number Sigma St reng th  Standard 
St ra tum o f  Sigma Standard Mean Devi a t  i on 

(m) Targets  Mean Dev ia t i on  (dB) (dB) 

T o t a l  

" Targe t  s t r e n g t h  determined f rom dual-beam da ta  c o l l e c t e d  i n  
situ. 



Appendix A.6. Est imated number o f  f i s h  no t  a v a i l a b l e  t o  t he  
hydroacoust ic equipment because o f  sur face o r i e n t a t i o n  
i n  Sk i l ak  and Kenai Lakes, Alaska du r i ng  n i g h t  survey 
o f  2 and 7 October 1992. 

Est imated Est imated Est imated 
F ish  Dens i ty  Volwne Nunber o f  

Lake Area Transect (number/mA3) ( mA3 1 Fish 

S k i l a k  1 

Kenai 1 



Appendix A . 7 .  Es t imated  number o f  f i s h  n o t  a v a i l a b l e  t o  t h e  h y d r o a c o u s t i c  
equipment because o f  bo t tom o r i e n t a t i o n  i n  S k i l a k  Lake, 
A laska ,  2 October  1992. 

Es t imated  
Bot tom F i s h  D e n s i t y  

Area Transec t  Depth(m) (number/me3) 

Es t imated  Es t imated  
Volume Number o f  
(m-3 F i s h  

TOTAL 2.0012E+05 

TOTAL 2.4535E+05 

c o n t i n u e d  



Appendix A.7. (p .  2 o f  7 )  

Estimated 
Bottom F i sh  Dens i ty  

Area Transect Oepth(m) (number/mA3) 

TOTAL 

Est imated Est imated 
Volume Number o f  
(in-3 F ish 

TOTAL 

cont i nued 



Appendix A . 7 .  ( p .  3 o f  7 )  

Es t imated  Es t imated  Es t imated  
Bot tom F i s h  D e n s i t y  Volume Number o f  

Area Transec t  Oepth(m) (number/me3) (m-3) F i s h  

1 5 2-7 6.49E-03 8.1962E+06 5.3169E+04 
7-12 3.73E-03 1.6392E+07 6.1160E+04 
12-17 3.57E-03 2.0490E+07 7.3110E+04 
17-22 8.71E-03 1.2294E+07 1.0705E+05 
22-27 9.89E-03 1.2294E+07 1.2164E+05 
27-32 7.94E-03 8.1962E+06 6.5045E+04 
32-37 3.05E-03 8.1962E+06 2.5015E+04 
37-42 6.97E-04 8.1962E+06 5.7127E+03 
42-47 1.76E-04 8.1962E+06 1.4425E+03 
47-52 8.00E-05 1.2294E+07 9.8354E+02 
52-57 4.30E-05 8.1962E+06 3.5244E+02 
57-62 5.80E-06 1.6392E+07 9.5076E+01 
62-67 1.50E-05 1.2294E+07 1.8441E+02 
67-72 6.90E-08 1.2294E+07 8.4831E-01 
72-77 1.1OE-05 1.6392E+07 1.8032E+02 
77-82 6.60E-06 2.8687E+07 1.8933E+02 
82-87 7.60E-06 1.6392E+07 1.2458E+02 
87-92 0.00E+00 0.0000E+00 0.0000E+00 
92-97 0.00E+00 0.0000E+00 0.0000E+00 

TOTAL 5.1545E+05 

TOTAL 4.2173E+05 

c o n t i n u e d  



Appendix A. 7. ( p .  4 o f  7 )  

Estimated Est imated 
Bottom F i s h  Dens i ty  Volume Number o f  

Area Transect Depth(m) (numberlrn-3) (m-3 F i s h  

TOTAL 3.4806E+04 

TOTAL 1.0740E+05 

cont inued 



Appendix A.7. (p .  5 o f  7) 

Estimated Est imated 
Bottom F i sh  Densi ty Volume Number o f  

Area Transect Oepth(m) (numberlm-3) (in-3 F i s h  

TOTAL 

TOTAL 



Appendix A . 7 .  ( p .  6 o f  7 )  

Estimated Estimated Estimated 
Bottom F i sh  Densi ty Volume Number o f  

Area Transect Depth(m) (number/mA3) (m-3) F i sh  

TOTAL 

TOTAL 



Appendix A.7.  (p.  7 o f  7) 

Est imated Estimated Est imated 
Bottom F i sh  Dens i ty  Volume Number o f  

Area Transect Oepth(m) (number/m-3) (mA3 F ish  

TOTAL 



Appendix A.8. Estimated number o f  f i s h  not  a v a i l a b l e  t o  the  hydroacoust ic 
equipment because o f  bottom o r i e n t a t i o n  i n  Kenai Lake, Alaska 
2 October 1992. 

Estimated Estimated Estimated 
Bottom F i sh  Dens i ty  Volume Number o f  

Area Transect Oepth(m) (number/m^3) (m-3) F i sh  

TOTAL 

TOTAL 

cont inued 



Appendix A.8 .  (p. 2 of 4 )  

Estimated 
Bottom Fish Density 

Area Transect Oepth(m) (number/mA3) 

TOTAL 

4 2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 

TOTAL 

continued 



Appendix A.8. ( p .  3 o f  4 )  

Estimated 
Bottom F i s h  Dens i ty  

Area Transect Depth(m) (number/m-3) 

TOTAL 

TOTAL 

Estimated Estimated 
Volume Number o f  
(m-3 F i sh  

cont inued 



Appendix A.8.  ( p .  4 o f  4)  

Es t imated  Es t imated  
Bot tom F i s h  D e n s i t y  Volume Number o f  

Area Transec t  Depth(m) (number/mA3) (m-3 F i s h  

1 7 2-7 
7-12 
12-17 
17-22 
22-27 
27-32 
32-37 
37-42 
42-47 
47-52 
52-57 
57-62 
62-67 
67-72 
72-77 
77-82 
82-87 
87-92 
92-97 

TOTAL 



The Alaska Department of Fish and Game conducts all programs and activities 
free from discrimination on the basis of sex, color, race, religion, national origin, 
age, marital status, pregnancy, parenthood, or disability. For information on 
alternative formats available for this and other department publications, please 
contact the department ADA Coordinator at (voice) 907-465-4120, (TDD) 1-800- 
478-3648, or (fax) 907-586-6595. Any person who believes he or she has been 
discriminated against by this agency should write to: ADF&G, P.O. Box 25526, 
Juneau, AK 99802-5526; or O.E.O., U.S. Department of the Interior, Washington, 
DC 20240. 
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